Introduction
During incubation of human plasma there is net transfer ofcholesteryl esters from high density to less dense lipoproteins, especially to triglyceride-rich particles (1) . The significance of the intraplasmic transfer of cholesteryl esters is that it provides a sity lipoproteins (HDL) by the action of lecithin:cholesterol acyltransferase (LCAT)' may be redistributed to other lipoproteins (2) . The cholesteryl esters transferred to very low density lipoproteins (VLDL) and low density lipoproteins (LDL) are probably largely removed by receptor-mediated uptake in the liver (3, 4) . Thus, the transfer of cholesteryl esters may function as part of a chain of events involved in centripetal cholesterol transport from peripheral tissues to liver. On the other hand, the accumulation of cholesteryl esters in VLDL or chylomicron remnants may lead to the formation of atherogenic, cholesteryl ester-rich remnant particles (4) . The transfer and exchange of cholesteryl esters between plasma lipoproteins are mediated by a plasma cholesteryl ester transfer protein (CETP) (5-1 1). CETP mediates net transfer of cholesteryl esters from HDL to triglyceride-containing lipoproteins as a result of heteroexchange of cholesteryl esters for triglycerides; when donor and acceptor lipoproteins contain the same triglyceride/cholesteryl ester ratio, exchange rather than net transfer of lipids results ( 12) .
In in vitro experiments, lipoprotein lipase enhances the CETP-mediated transfer of cholesteryl esters from HDL to VLDL (1 3) . Lipolysis-induced alterations ofthe lipids of VLDL and HDL lead to increased binding ofCETP to the lipoproteins, resulting in more efficient cholesteryl ester transfer (14) . The important lipid alterations include accumulation of fatty acids in VLDL remnants and in HDL, and enrichment of HDL with phospholipids (14) as a result of the transfer of VLDL surface lipids into HDL during lipolysis (15) (16) (17) (18) . Since the in vivo transfer of chylomicron phospholipids into HDL results in a similar enrichment of HDL phospholipids (19, 20) , we hypothesized that alimentary lipemia might be associated with enhancement of CETP activity. We therefore measured the transfer of cholesteryl esters from HDL to the other lipoproteins in incubated plasma obtained from subjects during fasting or after ingestion of a fatty meal. These studies showed a substantial increase in the velocity of cholesteryl ester transfer in lipemic plasma. Further investigations of the mechanism of stimulated cholesteryl ester transfer revealed a redistribution of CETP resembling that resulting from in vitro lipolysis and an increase in total CETP activity. While this manuscript was in preparation, Castro and Fielding (21) reported a marked stimulation of cholesteryl ester transfer in alimentary lipemic plasma.
Methods
Human subjects. The study subjects were seven normolipidemic nonsmoking healthy volunteers, aged 22-38-yr-old, recruited from Medical Center personnel. The range of fasting triglycerides was 35-107 mg/dl and of cholesterol was 140-235 mg/dl. After a 14-h overnight fast, a blood sample was collected in sodium EDTA-containing tubes, cooled in ice, and the plasma was obtained immediately by centrifugation. The subjects ingested 1 pint of heavy cream (-135 g triglyceride), then 6 h later another plasma sample was obtained. At this time the postprandial changes in HDL are most pronounced (20) . The study was approved by the Institutional Review Board of Columbia University.
Materials. Plasma LDL and HDL were isolated from fasting and lipemic plasma by preparative ultracentrifugation between 1.02 to 1.063 and 1.063 to 1.210 g/ml, respectively. Phospholipid-enriched HDL were prepared as described previously (22) . Sonicated unilamellar vesicles of egg phosphatidylcholine (8 mg) were incubated in 5 ml fresh, pooled Blood Bank plasma for 2 h at 370C in the presence of 2 mM dithionitrobenzoic acid (an inhibitor of LCAT), followed by isolation of phospholipid-enriched HDL between 1.10 and 1.21 g/ml. To obtain fatty acid-enriched HDL, oleic acid (1.6 mg) was dried down from benzene, brought up in 100 Ml ethanol, 80 gl of 1 M NaOH was added, and the mixture was vortexed and dried under N2. 500 Ml of hot (70'C) water was added; the solution was vortexed and then added slowly to 7 ml plasma (370C). The HDL was subsequently isolated by preparative ultracentrifugation between 1.10 and 1.21 g/ml. Lipid compositional analysis ofHDL was performed as described previously (14) . HDL3 containing radiolabeled cholesteryl esters was prepared by injecting 200 MCi of 3H-cholesterol (in 50 Ml ethanol) through a 25-gauge needle beneath the surface of 110 ml stirred, dialyzed fresh plasma d > 1. I0-g/ml fraction, followed by incubation for 6 h at 37°C, centrifugation at 1.21 g/ml, incubation with a 20-fold excess of LDL to remove [3H]cholesterol, then recentrifugation at 1.10 g/ml. The HDL contained 96% of radioactivity in cholesteryl esters and 4% in cholesterol. The specific activity was -20,000 dpm/Mg cholesterol. CETP was purified from pooled Blood Bank plasma through the carboxymethylcellulose step (10) . Based on activity, the preparation was purified 2,000-fold relative to the d > 1.21-g/ml fraction of plasma.
Measurements ofLCA T and cholesteryl ester transfer. LCAT activity was measured from the decrease in mass of cholesterol in plasma incubated for 0, 1, 2, or 6 h at 37°C. Cholesteryl ester mass transfer was assessed as described previously (23) . At each time point an aliquot of the incubated plasma was chilled on ice and the mass of cholesterol and cholesteryl ester was determined in HDL and in the apolipoprotein (apo B)-containing lipoproteins. Cholesterol and total cholesterol (free plus esterified) were measured in whole plasma, using an enzymatic method (24), and cholesteryl ester mass was calculated by difference. Cholesterol and total cholesterol were measured in the HDL-containing supernatant after precipitation of apo B-containing lipoproteins with 0.1 vol of heparin/MnCI2 (25) . The mass of cholesteryl esters in the apo B-containing lipoproteins was calculated by subtracting the cholesteryl ester mass in the supernatant from that oftotal plasma. The time course ofcholesteryl ester transfer was determined from the rate of increase in mass of cholesteryl esters in the apo B-containing lipoproteins, or, in experiments where LCAT was inhibited by 2 mM dithionitrobenzoic acid, from the decrease in mass of cholesteryl esters in the HDL. For each subject the cholesteryl ester transfer assay was performed in pentuplicate and each sample was analyzed in duplicate. The assay was repeated three or four times for each subject. For the cholesteryl ester transfer assay, the within assay coefficient of variation was -10% (n = 5), and the between assay coefficient ofvariation in the same subject was -23% (n = 4). In selected experiments, cholesteryl ester mass transfer was also determined from the increase in mass of cholesteryl ester in the d < 1.063-g/ml fraction after incubation of plasma.
To prepare lipoprotein fractions for reconstitution experiments, fasting or lipemic plasma was centrifuged at d 1.063 g/ml in sealed polyallomer tubes for 16 h at 40,000 rpm in a Ti 50.3 rotor. Equal volumes of top and bottom fractions were obtained from the tubes and dialyzed against 50 mM Tris-saline, pH 7.4 . In some experiments, HDL containing radiolabeled cholesteryl esters was added to the d > 1.063-g/ml fraction in order to compare the transfer ofcholesteryl ester mass and radioactivity during the subsequent recombination experiments. In one experiment the d> 1.063 fraction was equilibrated with HDL containing radiolabeled cholesteryl esters by preincubation ofthe tracerwith the d> 1.063 fraction for 4 h at 370C before addition of the d < 1.063 fraction. The results of this experiment (not shown) were almost identical to those in which the tracer was not preequilibrated with the HDL.
Distribution ofCETP in plasma. The distribution of CETP was assessed by measuring its activity in fractions of plasma (14, 26) . 3 ml of fresh plasma was subjected to chromatography on a 170 X 1.5-cm column of 10%o agarose (200-400 mesh) (Bio-Rad Laboratories, Richmond, CA). The profile of cholesterol in the column fractions was determined and then to a I.6-ml aliquot ofeach fraction was added LDL (0.2 mg protein) and HDL containing radiolabeled cholesteryl esters (1 ug cholesterol, 10,000 cpm). Unlabeled pooled HDL was also added to give a total mass of 50gg HDL cholesterol so that the specific activity of the donor HDL would be the same (10,000 cpm/50 MAg cholesterol) in each fraction. The volume was adjusted to 4 ml with Tris-saline, pH 7.4, and the sample was incubated for 2 h at 370C then centrifuged at d 1.063 g/ml for 16 h at 40,000 rpm in a Sorvall 45 rotor (Dupont Instruments, Wilmington, DE). The radioactivity present in the top 2 ml was determined. The amount of cholesteryl ester radioactivity transferred into this fraction (minus a blank value, generally <10% ofthe total radioactivity transferred, obtained by incubating LDL and radiolabeled HDL in the absence of the fraction) is referred to as the cholesteryl ester transfer activity or as CETP activity units. In some experiments, radiolabeled LDL (prepared by incubating LDL with HDL containing radiolabeled cholesteryl esters in the presence of CETP, followed by ultracentrifugal separation of the LDL at 1.063 g/ml) was used as the donor ofcholesteryl ester radioactivity and HDL as the acceptor.
Apo A-I affinity chromatography. Antibodies against pure human apo A-I were raised in the rabbit. Specific apo A-I antibodies were purified by HDL affinity chromatography (27) . Antibodies eluted from the HDL column between pH 3 and 4 were used to construct the apo A-I affinity column by cross-linkage to CNBr-activated Sepharose 4B (28) . This column was shown to remove all ofthe apo A-I present in the l-ml plasma samples by (a) sodium dodecyl sulfate gel analysis ofthe void and retained fractions and (b) rechromatography of the void fraction (which did not yield a second retained fraction). 1 ml plasma was mixed with I ml of Tris-saline, pH 7.4, applied to the column, incubated at room temperature for 20 min, then washed with several bed volumes of Tris-saline, pH 7.4, until the An0 had reached baseline. The retained fraction containing HDL and its bound CETP was eluted with 0.1 M acetic acid, pH 3.0. The activity ofCETP in the void and retained fractions was determined after adjustment of the pH to 7.4 and addition of LDL and HDL containing radiolabeled cholesteryl esters. Exposure ofpurified CETP to the pH 3.0 buffer for I h at room temperature did not result in loss of activity. All results are given as mean±SEM unless otherwise indicated.
Results
Cholesteryl ester transfer in native and reconstitutedfasting and lipemic plasma. Incubation of plasma obtained from seven subjects during alimentary lipemia showed a 2-3-fold stimulation of cholesteryl ester transfer from HDL to apo B-containing lipoproteins (Fig. 1) . Cholesteryl ester transfer proceeded in an approximately linear fashion during the 6-h incubation. Alimentary lipemia was also associated with a slight increase in activity of LCAT, as reported previously (21, 29) . At 1, 2, and 6 h the mean±SEM values for LCAT activity were 15±1, 24+1, and 91±3 (fasting), and 21±2, 33+2, and 97±1 (lipemic) Mg cholesterol esterified per ml plasma (n = 7; differences significant, P < 0.05, at 1 and 2 h). In fasting or lipemic plasma from three subjects, the measured cholesteryl ester transfer was identical with or without the LCAT inhibitor, 2 mM dithionitrobenzoic acid (not shown), indicating that the stimulation of cholesteryl ester transfer was not secondary to enhancement of LCAT activity.
In Fig. 1 Further experiments were directed towards an investigation of the mechanism of stimulated cholesteryl ester transfer in alimentary lipemic plasma. To determine which fraction oflipemic plasma was responsible for the stimulation of cholesteryl ester transfer, fasting and lipemic plasma were subject to ultracentrifugation at 1.063 g/ml. The d < 1.063-and d > 1.063-g/ml fractions were then recombined with each other or with the complementary fraction of the other plasma sample. Table I shows that reconstituted lipemic plasma showed greater stimulation of LCAT and cholesteryl ester transfer than reconstituted fasting plasma. The cholesteryl ester transfer activity of the reconstituted fasting plasma was very low, reflecting the low levels ofplasma triglyceride (35-50 mg/dl) in the plasma samples used for these experiments. When recombined with the complementary fractions of fasting plasma, both the d < 1.063 and d > 1.063 fractions of lipemic plasma gave rise to significant stimulation of LCAT activity and cholesteryl ester transfer, compared with reconstituted fasting plasma.
Subsequent experiments aimed at investigating the mechanisms of cholesteryl ester transfer employed radiolabeled cholesteryl esters. To determine if the pattern of transfer of radiolabeled HDL cholesteryl esters was similar to that of cholesteryl ester mass, we measured the transfer of radiolabeled cholesteryl esters from HDL to d < 1 .063-g/ml lipoproteins in reconstituted fasting and lipemic plasma. These experiments showed stimulation of the transfer of radiolabeled cholesteryl esters in reconstituted lipemic plasma compared with reconstituted fasting plasma ( Table II) . As in the mass experiments, the stimulatory properties of lipemic plasma resided in both the d < 1.063 and d > 1.063 fractions.
Although the pattern of stimulation of the transfer of radiolabeled cholesteryl esters was similar to that of cholesteryl ester mass, the lipemic fractions produced a more pronounced increase in mass transfer (see Tables I and II ). This could arise if in reconstituted fasting plasma most of the transfer of radiolabeled cholesteryl ester results from an exchange process, whereas in reconstituted lipemic plasma there is both an increase in the total amount of exchange and also an increased proportion of the total exchange devoted to net transfer because of the enrichment of the lipemic d < 1.063 fraction with triglycerides ( 12) . To test this hypothesis, the d > 1.063 fractions of lipemic and fasting plasma were reconstituted with increasing amounts oftriglyceride-rich VLDL, in the presence of a constant amount of cholesteryl ester-rich LDL. The LDL and VLDL had been isolated from pooled plasma. In the absence of added VLDL, there was no significant net transfer of cholesteryl esters from HDL to apo B-containing lipoproteins, even though there was exchange of a major fraction of radiolabeled HDL cholesteryl esters with those of d < 1.063 lipoproteins (Fig. 2) . With the addition of increasing amounts of VLDL, there was a progressive stimulation of the mass transfer of HDL cholesteryl esters. The Fig. 3 are shown the results obtained in two of the male subjects, and in Fig. 4 are shown the results from two female subjects. The distributions of cholesterol and phospholipid across the column profiles are also shown in Fig. 4 . In fasting plasma, most ofthe CETP activity was in HDL as reported (26 Figure 3 . Distribution of CETP in fasting and lipemic plasma in two different male subjects (panels A and B). 3 ml of plasma was subjected to chromatography on a 170-cm 10% agarose column. CETP activity was measured in each column fraction as described in Methods. Vo is the column void volume (where VLDL and LDL eluted). The elution volumes of a c6ntrol preparation of HDL and of purified CETP are also shown.
bound CETP (Figs. 3 and 4) . Two of the seven subjects (those with the highest fasting plasma triglycerides) also showed a definite peak of CETP activity in the void (VLDL plus LDL) fractions ( Fig. 3 B and 4 F) . During lipemia, all subjects showed a redistribution of CETP from smaller to larger HDL and an increase in the ratio of HDL-bound CETP/free CETP. As assessed from the CETP activity eluting in the regions of HDL or free CETP, the ratio of HDL-bound/free CETP was 2.75±.49 in fasting plasma and 4.0±0.6 in lipemic plasma (difference significant, P < 0.01 by paired t test). The redistribution of CETP into larger HDL seemed more pronounced in subjects who showed a greater enrichment of HDL with phospholipids during lipemia (see Fig. 4B and E). In two subjects there was also a definite increase in CETP in the void eluting fractions during alimentary lipemia. When the plasma of one of these subjects (shown in Fig. 4 ) was subjected to gel filtration on 6% agarose in order to separate VLDL and LDL, the VLDL and LDL regions were found to contain approximately equal CETP activity during alimentary lipemia (not shown). The same distribution and amounts of CETP activity were observed when CETP activity was measured in an assay using LDL containing radiolabeled cholesteryl esters as donor and HDL as the acceptor particle or when heparin/MnCl2 precipitation was used to separate the lipoproteins.
In addition to the redistribution of CETP activity during lipemia, there was also an increase in the total CETP activity measured across the lipoprotein profile (Figs. 3 and 4) . In the seven different subjects, the sum of the CETP activities in individual column fractions was 1.1-1.7-fold greater in lipemic plasma than in fasting plasma (P < 0.05 by paired t test, mean±SEM increase = 1.3±0.09). Further experiments confirmed the increase in total CETP activity in lipemic plasma and showed that it was independent of the endogenous plasma lipoproteins (see below).
Since the separation of lipoprotein-bound and free CETP by agarose chromatography was sometimes incomplete, we also determined the distribution of CETP by apo A-I affinity chromatography (Table III) . Plasma from a subject lacking CETP activity in apo B-containing lipoproteins was passed over an apo A-I affinity column and the CETP activity in the void and retained fractions was determined. These Next we compared the isolated fasting and lipemic HDL as substrates for CETP in a cholesteryl ester exchange assay. HDL was incubated with purified CETP using similar ratios of CETP lies which allow specific elution to HDL to those shown in Fig. 5 , and the transfer of radiolabeled ditions, which did not adversely cholesteryl esters from fasting or lipemic HDL to pooled LDL is). The void eluting CETP acwas determined. The experiments showed that for the same bound CETP, while that eluted amount of CETP and HDL cholesterol, the lipemic HDL sup-CETP. In lipemic plasma there ported 1.5-fold greater cholesteryl ester exchange than the fasting -recovered (free) CETP, an in-HDL (Fig. 6) , consistent with the hypothesis that increased nd) CETP, and an increase in binding of CETP to lipemic HDL resulted in a greater stimuthese results are not strictly lation of cholesteryl ester exchange. Similar results were obtained c activity of donor lipoprotein on four occasions using HDL isolated from two different subjects.
Lipid Transfer Protein and Lipemia 1167 The results of the experiments shown in Fig. 4 and in our earlier studies (14) suggest that the increased binding of CETP by postlipolysis or lipemic HDL might be mediated by an increased content of phospholipids and/or fatty acids. Compositional analysis of HDL isolated from alimentary lipemic plasma showed a 10-40% increase in the ratio of phospholipid/total cholesterol as reported previously (19, 20) . The binding of purified CETP by HDL enriched in vitro with phospholipids or with fatty acids is shown in Fig. 7 . These experiments demonstrated a pronounced increase in the binding of CETP to both phospholipid-and fatty acid-enriched HDL particles, especially to the former. Compositional analysis showed that the phospholipid-enriched HDL contained an increase in the mass ratio of phospholipid/total cholesterol (2.84 mg/mg) compared with control HDL (1.51), and also in the mass ratio of fatty acid/ total cholesterol (0.25 mg/mg), compared with control HDL (0.072), while the fatty acid-enriched HDL showed an increased ratio of fatty acid/cholesterol (0.14), but only a slight change in phospholipid/cholesterol ratio (1.8). When incubated with purified CETP and LDL using the same protocol as described for fasting and lipemic HDL in Fig. 6 , phospholipid-enriched HDL showed fourfold stimulation of the CETP-mediated transfer of radiolabeled cholesteryl esters from HDL to LDL, compared with the control HDL isolated from incubated control plasma (Fig. 8) . In a similar experiment, fatty acid-enriched HDL showed a 2.2-fold increase in cholesteryl ester exchange with LDL compared with control (not shown). In a further experiment designed to assess the effects of variation of plasma free fatty acid levels on CETP distribution, one subject was studied 6 h after ingestion of fat or 100 g carbohydrate. The plasma free fatty acid levels, determined as described (14, 30) , were 98 Ag/ml (fasting), 145 gg/ml (lipemic), and 17 ,gg/ml (after carbohydrate). In lipemic plasma there was a change in distribution and total amount of CETP activity in plasma as found earlier (Figs. 3 and 4) . By contrast, after carbohydrate, there was no significant change in the distribution or amount of CETP compared with fasting plasma.
Increase in total activity ofCETP during lipemia. The measurements of CETP activity (Figs. 3 and 4 , Table I ) indicate an increase in total activity in lipemic plasma compared with fasting plasma. To determine if this reflected an interaction of CETP with the endogenous plasma lipoproteins, CETP was dissociated from the endogenous lipoproteins and then its activity was assayed with exogenous pooled lipoproteins. To dissociate CETP from the endogenous lipoproteins, plasma was incubated and chromatographed at pH 5.5, then the fractions were readjusted to pH 7.4 and assayed (14) . These experiments showed a complete dissociation ofCETP from the HDL, with elution ofCETP activity in the same region as nonlipoprotein-bound purified CETP (Fig. 9) . The total activity of CETP was, however, in--a =L.. This was identical to the value that had been obtained by chromatography of the same plasma at pH 7.4 (i.e., with CETP still bound to the endogenous lipoproteins).
In further experiments CETP was dissociated from the endogenous lipoproteins by prolonged ultracentrifugation at 1.21 g/ml. The activity of CETP measured in the d > 1.2 l-g/ml fraction showed an 1.2-fold increase in the lipemic fraction compared to fasting (Fig. 10) . The recoveries of CETP activity were lower and the differences between fasting and lipemic plasma were less pronounced by the centrifugal method (see Fig. 9 ), reflecting the 5 d of centrifugation found necessary to obtain complete dissociation of CETP from the lipemic sample. To determine ifthe greater CETP activity present in lipemic plasma might reflect the presence ofinhibitors ofCETP in fasting plasma, mixing experiments were performed. These experiments showed that a 50/50 mixture of 100 Ml lipemic and fasting 1.21 bottom gave a mean response (n = 5) exactly intermediate between the fasting and lipemic values shown in Fig. 10 . Furthermore, when the activity associated with column-separated lipemic and fasting HDL was assayed in progressive dilutions over a 50-fold range, the lipemic fractions showed a consistent 1.7-fold greater activity than fasting fractions independent of dilution (not shown). These results are inconsistent with the effects ofan inhibitor. In a further experiment designed to assess the potential role of inhibitors or activators of CETP, plasma CETP was dissociated from the endogenous plasma lipoproteins by agarose chromatography at pH 5.5, then fractions containing CETP activity were pooled and the effects of addition of exogenous purified CETP were determined. These results showed parallel increases in CETP activity over those of lipemic and fasting fractions, indicating that if there were activating or inhibitory factors they would not act on added purified CETP (Fig. 1 1) .
To determine the time course ofthe increase in total activity of CETP, two subjects were administered fat and the activity of CETP, dissociated from the endogenous lipoproteins, was mea- Figure 10 . CETP activity present in the d > 1.2 I-g/ml fraction of fasting and lipemic plasma. 5 ml of fasting or lipemic plasma was centrifuged at 1.21 g/ml for 5 d at 40,000 rpm in a Beckman 50.3 rotor.
The bottom 2 ml of the tubes were taken and assayed for cholesteryl ester transfer activity using 0.2 mg LDL and HDL (I gg cholesterol, 10,000 cpm). The radioactivity transferred into LDL during a 2-h incubation is shown. The differences of the means were statistically significant at 100 and 200 Ml (P < 0.05, n = 4).
sured after chromatography at pH 5.5 on short agarose columns.
The maximum increase in CETP occurred 1 to 2 h after the peak in plasma triglycerides (Fig. 12) .
Discussion
The present study shows an increase in the velocity of transfer ofcholesteryl esters from HDL to apo B-containing lipoproteins in incubated plasma from subjects during alimentary lipemia, compared with fasting plasma. Similar findings were recently reported by Castro and Fielding (21) and in preliminary form in an earlier study by Rose and Juliano (29) . Since cholesteryl ester transfer between lipoproteins is mediated by a plasma CETP, we sought to relate the phenomenon of enhanced cholesteryl ester transfer to the distribution and amounts of the CETP. These studies showed increased binding of CETP to the plasma lipoproteins, especially to HDL, analogous to that occurring as a result of in vitro lipolysis (14) , and also an increase in the total activity ofCETP in plasma during alimentary lipemia. raphy at pH 5.5. Plasma was subjected CETP (Gig) to chromatography as described in the legend of Fig. 9 (Fig. 2) . The results showed that increasing amounts oftriglyceride-rich lipoproteins caused both an increase in total exchange of HDL cholesteryl esters and also an increase in the fraction of total exchange devoted to net transfer of HDL cholesteryl esters. The increase in total exchange reflects an increase in the concentration of acceptor lipoproteins and an increase in the ratio of acceptor lipoproteins to HDL (31, 32). The increased fraction of total exchange devoted to net transfer is presumably due to an increase in the ratio of triglyceride/cholesteryl esters in d < 1.063 lipoproteins, resulting in increased heteroexchange of HDL cholesteryl esters with d < 1.063 triglycerides (12, 33, 34) . Thus, during alimentary lipemia, a major factor resulting in increased net transfer of HDL cholesteryl is the increase in triglyceride-enriched acceptor lipoproteins.
The recombination experiments indicated that the stimulation of cholesteryl exchange and transfer during lipemia also reflected in part alterations in the lipemic d > 1.063 fraction. The stimulatory property of the d > 1.063 fraction was documented in three different types of experiments (Tables I and II (14) . Furthermore, in the present study, HDL isolated from alimentary lipemic plasma was shown to bind increased amounts of purified CETP, compared with HDL isolated from fasting plasma, and to cause a parallel stimulation of CETP activity (Figs. 5 and 6 ).
The important compositional alteration of HDL causing increased binding of CETP appeared to be enrichment with phospholipids and/or fatty acids. Pattnaik and Zilversmit (26) established a primary role of the phosphorylcholine moiety of HDL phosphatidylcholine in mediating the binding ofCETP, but also showed that an increase in lipoprotein negative charge, for example, as a result of an increase in negatively charged fatty acids, resulted in enhanced binding of CETP. In our in vitro lipolysis studies, we found that increased binding of CETP was related to accumulation of fatty acids in VLDL remnants and fatty acids and phospholipids in HDL (14) . In the present investigation the major changes seemed to be in the HDL and were parallel to the enrichment of HDL with phospholipids; in vivo, the accumulation of fatty acids in the lipoproteins is much less pronounced than during in vitro lipolysis, possibly accounting for the quantitative differences in distribution of CETP in plasma compared with in vitro lipolysis mixtures (13, 14) . In a single subject we found that marked reductions in plasma free fatty acid levels associated with carbohydrate ingestion were not associated with changes ofthe pattern of binding of CETP to HDL.
However, the phospholipid-enriched HDL did contain considerably increased amounts of fatty acids, suggesting that the partition of fatty acids between the lipoproteins and albumin may be influenced by the phospholipid content of HDL. Also, the endogenous CETP of plasma was liberated from its lipoprotein binding sites by lowering the pH to 5.5, a phenomenon that may be related to protonation of fatty acids present in the lipoprotein surface (14) . It is possible that the CETP binding site involves a complex arrangement of lipoprotein surface lipids including both phospholipids and fatty acids, even though acute changes in plasma free fatty acid levels probably do not have a major influence on the amount or distribution of CETP.
A surprising result was that in addition to the redistribution of CETP during alimentary lipemia, there was also an increase in total CETP activity in plasma. The increase in total CETP activity was shown by summing the cholesteryl ester transfer activity of individual agarose column fractions. This finding was not related to changes in the endogenous plasma lipoproteins present in the assay mixture. The HDL isolated from the plasma of the subject shown in the bottom of Fig. 4 showed increased binding ofpurified CETP, but the total recovery ofCETP activity after incubation with lipemic or fasting HDL was identical (Fig.  5) . Also, phospholipid-enriched HDL bound more CETP than control HDL (Fig. 7) , but the total recovery of CETP activity was the same for the two HDL preparations. Furthermore, an increase in total CETP activity was observed when lipoproteinfree plasma, prepared either by ultracentrifugation or agarose chromatography, was assayed for CETP activity, using pooled lipoproteins as substrates. These findings could be explained by an increase in plasma CETP mass during alimentary lipemia. However, confirmation of this hypothesis will require direct measurement of mass by immunoassay.
The three factors putatively identified as promoting mass transfer of HDL cholesteryl esters into d < 1.063 lipoproteins show positive interaction. Thus, increased binding of CETP to HDL is synergistic with increased mass of CETP to produce an increase in the total exchange of HDL cholesteryl esters with those of other lipoproteins (Fig. 8 ). An increased fraction of this augmented total exchange becomes devoted to net transfer as a result of the increased ratio of triglyceride/cholesteryl esters in acceptor lipoproteins (Fig. 2) . In different subjects the various factors promoting cholesteryl ester mass transfer exceed the small increase in LCAT activity, and therefore may produce a fall in HDL cholesterol mass. Prior studies of alimentary lipemia have shown that in different subjects the increase in HDL triglycerides and the decrease in HDL cholesteryl ester mass are, respectively, positively or negatively correlated with the degree of elevation of plasma triglyceride levels (29, 35) ; subjects with sluggish clearance of lipemia also have low fasting HDL cholesterol mass (36) . As a result of the various mechanisms elucidated in this study, subjects with low HDL cholesterol levels might have accelerated transfer of cholesteryl esters into triglyceride-rich lipoproteins during lipemia, contributing to cholesteryl ester accumulation in atherogenic apo B-containing lipoproteins.
